Characterization of NikR-responsive promoters of urease and metal transport genes of Helicobacter mustelae.
The NikR protein is a nickel-responsive regulator, which in the gastric pathogen Helicobacter pylori controls expression of nickel-transporters and the nickel-cofactored urease acid resistance determinant. Although NikR-DNA interaction has been well studied, the Helicobacter NikR operator site remains poorly defined. In this study we have identified the NikR operators in the promoters of two inversely nickel-regulated urease operons (ureAB and ureA2B2) in the ferret pathogen Helicobacter mustelae, and have used bioinformatic approaches for the prediction of putative NikR operators in the genomes of four urease-positive Helicobacter species. Helicobacter mustelae NikR bound to the ureA2 promoter to a sequence overlapping with the -35 promoter region, leading to repression. In contrast, NikR binding to a site far upstream of the canonical sigma(80) promoter in the H. mustelae ureA promoter resulted in transcriptional induction, similar to the situation in H. pylori. Using H. pylori NikR operators and the newly identified H. mustelae NikR operators a new consensus sequence was generated (TRWYA-N(15)-TRWYA), which was used to screen the genomes of four urease-positive Helicobacter species (H. mustelae, H. pylori, H. acinonychis and H. hepaticus) for putative NikR-regulated promoters. One of these novel putative NikR-regulated promoters in H. mustelae is located upstream of a putative TonB-dependent outer membrane protein designated NikH, which displayed nickel-responsive expression. Insertional inactivation of the nikH gene in H. mustelae resulted in a significant decrease in urease activity, and this phenotype was complemented by nickel-supplementation of the growth medium, suggesting a function for NikH in nickel transport across the outer membrane. In conclusion, the H. mustelae NikR regulator directly controls nickel-responsive regulation of ureases and metal transporters. The improved consensus NikR operator sequence allows the prediction of additional NikR targets in Helicobacter genomes, as demonstrated by the identification of a new nickel-repressed outer membrane protein in H. mustelae.